Absrracr: By exploiting the selective hydrogen atom transfer reactions of glycine residues in small peptides, it is possible to utilise other amino acid residues as chiral auxiliaries in stereoselective synthesis.
The proteinogenic a-amino acids constitute an important pool of optically active starting materials for asymmetric synthesis. Ionic reactions of these compounds have been extensively exploited but less attention has been given to using free radical chemistry in this area. In part this must be attributed to the tendency for amino acid derivatives to form a-carbon-centred radicals (ref. l), with consequent loss of optical purity. Now it has been recognised that there are several ways to either exploit or avoid formation of these species, in order that radical reactions of amino acid derivatives can be accomplished efficiently and in good yield, with a high degree of regio-and stereo-control.
Hydrogen atom transfer reactions of amino acid derivatives are known to be selective for formation of glycinyl radicals (ref. 2-4). For example, treatment of the valylglycine derivative 1 with Nbromosuccinimide gave only the bromide 2 (ref. 4), presumably through bromine incorporation at the site of hydrogen atom abstraction. Bromoglycine derivatives of this type are suitable for further elaboration, as illustrated in the synthesis of the allylglycine derivative 4 and the p-nitroamino acid derivatives 3, through reaction of the bromide 2 with allyltributylstannane (ref. 4-6) and alkyl nitronates (ref. 7), respectively. In these reactions the valine residue in the dipeptide derivative 1 is acting as a chiral auxiliary. Given that either enantiomer of the auxiliary is cheap and readily avaliable, and that the auxiliary can be recovered through product hydrolysis and recycled, the limitation to this approach to the asymmetric synthesis of amino acid derivatives is the modest degree of diastereoselectivity.
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This limitation may be overcome through the use of more highly constrained systems, in which the relative geometry of the chiral and prochiral centres is more rigidly defined (ref. 8). Accordingly, bromination of the glycine residue in the cyclic dipeptide derivative 5 gave the bromide 6. Reaction of the bromide 6 with allyltributylstannane gave only the diastereomer 8, from incorporation of the ally1 group anti to the side chain of the valine residue. Deuteriolysis of the bromide 6 gave the labelled product 7 and this reaction also occurred with a high degree of diastereoselectivity. The reactions of the diketopiperazine 5 illustrate an approach for the asymmetric synthesis of amino acid derivatives which is complementary to the Schijllkopf procedure for the elaboration of bislactim ethers (ref. 9). An alternative way to exploit radical reactions in asymmetric synthesis is to use optically active amino acid derivatives as starting materials, and to carry out reactions on the amino acid side chains, while avoiding formation of the a-carbon-centred radicals. This can be accomplished through the use of N-phthaloylprotected amino acid derivatives (ref. 10). The amino acid derivatives 9a and 10a reacted with Nbromosuccinimide, without racemisation, to give the bromides 9b and lob, respectively. In the case of the phenylalanine derivatives 13a,b, 1:l mixtures of the corresponding bromides 14a,b and 15a,b were obtained. The diastereomeric pairs were separated by chromatography and fractional crystallisation, and in this way each of the bromides 14a,b and 15a,b was obtained as a single stereoisomer. The diastereoselectivity of reaction of the bromophenylalaninamides 14b and 15b was significantly greater than that of the reactions of the corresponding esters 14a and 15a, as a result of neighbouring group participation by the amido group, to effectively block one face of the intermediate carbocation (Fig. 1 ). This neighbouring group effect of the carboxyl substituent affects the mechanism of reaction as well as the stereochemical outcome (ref. 14). The nitrophenylalanine derivatives 20a and 20b gave the corresponding bromides 21a and 21b, each as a 1:l mixture of the diastereomers, through reaction with Nbromosuccinimide. On treatment with silver nitrate in aqueous acetone, the bromoester 21a gave the dehydrophenylalanine derivative 22, while the bromoamide 21b afforded the alcohol 23. Presumably the amide 21b reacts by substitution, where formation of the intermediate carbocation is facilitated by the amid0 group, whereas the ester 21a reacts by elimination because the extent of neighbowing group participation is reduced in that case and, therefore, the corresponding benzylic cation does not form.
Hydrolysis of the alcohol 23 gave the corresponding free amino acid 24, providing a route for the stereocontrolled synthesis of the antibiotic chloramphenicol25. In a similar fashion, (2S,3R)-p-hydroxyphenylalanine and tyrosine were obtained, and these compounds are of interest in the synthesis of peptide antibiotics such as lysobactin and vancomycin.
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Obviously the phthaloyl protecting group can be removed without racemisation of the amino acid. It is also possible to epimerise the amino acid during the deprotection, by exploiting the phthaloyl group to remember the chirality (ref. 15). The (3')-amino acid derivatives 26a-c reacted with sodium borohydride in methanol, then hydrochloric acid, to give the partially reduced products 27a-c and 28a-c. The diastereomers 27a-c and 28a-c were separated by using either chromatography or fractional crystallisation. Treatment of the (S,S)-diastereomers 27a-c with sodium methoxide in methanol resulted in isomerisation at the a-position. Again the diastereomers 27a-c and 29a-c were separated and the new components 29a-c were hydrolysed to give the (R)-amino acids 30a-c, respectively. The (R,S)-diastereomers 28a-c were also used to prepare the corresponding (R)-amino acids 30a-c, in a similar manner. Using sodium methoxide in deuteriated methanol, the isomerisation of the partially reduced phthalimides 27a-c is accompanied by deuterium incorporation. Separation of the labelled products 31a-c and 32a-c, followed by hydrolysis, affords the (S)-a-deuterio amino acids 33a-c and the (R)-isomers 34a-c in a stereocontrolled fashion. 
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This chemistry significantly enhances the utility of the phthaloyl group in the asymmetric synthesis of amino acid derivatives, particularly when it is exploited in conjunction with the use of the phthalimide to achieve side chain functionalisation of amino acid derivatives. For example, it provides a route for the stereocontrolled synthesis of the methanovaline enantiomers 36 and 37. As outlined above, halogenation of the leucine derivative 10a afforded the bromide lob. When the bromide 10b was treated with sodium hydride, cyclisation occurred to give the methanovaline derivative 35 (ref. 16) , but the reaction resulted in complete racemisation. This was avoided, however, by using the phthaloyl protecting group to remember the amino acid chirality (Scheme 1).
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